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To examine whether late coronary restenosis may be pre- 
dieted by abnormalities of myocardial perfusion in the early 
hours after successfui percutaneous transiumiaal coronary 
angiopiasb and to study in greater detail the mechanisms 
lnvoived in the development of late coronary restenosis 
after angiopiasty, a prospective study was undertaken in 90 
consecutive patients. Thallium-201 scintigrams were re- 
corded at rest and during Lhe stress of atrial pacing, 12 Lo 
24 h after angiopiasty, and the results were related to the 
findings at angiography in 70 patients undergoing late 
cardiac catheterization. 
A reversible thallium-201 perfusion defect was found in 
39 (38%) of 104 myocardii regions supplied by the dilated 
coronary vessel and identified a subset of patients at high 
risk of late (6 to 12 months) angiographic restenosis (sensi- 
tivity 77% specificity 67%). In contrast, late coronary 
restenosis deveio in only 7 (11%) of 65 vessels and in 5 
The exact time course and pathogenic processes involved in 
the development of late restenosis after percutaneous trans- 
luminal coronary angioplasty are largely unknown. In a 
process that may be analogous to accelerated atherogenesis, 
a complex rheologic-vessel wall response to acute arterial 
trauma produces recurrence of symptoms and angiographic 
coronary restenosis within 3 to 6 months of successful 
angiopiasty in 25% to 35% of patients (I ,2). 
Early identification of patients at risk for late restenosis 
after angiopiasty would be of major practical importance, 
because it may provide the opportunity to implement early 
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reversible perfusion defect on the t~~~urn-2~1 sc 
on day 1 (p = 0.016) and lmmed 
ual coronary narrowing (p = 0. 
dent predictors of late restenosis, with younger patient age 
as an additional less powerful p 
The findings have hnportunt 
pathogenesis of late coronary restenosis in 
going successful angiopiasty and they im 
majority of these patients pathopbysioiogic events in the 
early minutes and bows a Wy may determine 
Ihe development of late restenosis. 
(J Am Co11 Cardiol1990;15:1486-92) 
pharmacologic or mechanical measures, or both, aimed at 
preventing restenosis. Reversible perfusion defects may be 
demonstrated I to 5 weeks (3-7) after angioplasty by thal- 
lium-201 scintigraphy. To provide data regarding myocardial 
perfusion in the early hours after angiographically successful 
angioplasty and to stratify patients into high and low risk 
subsets for restenosis in the immediate periangioplasty pe- 
riod, we studied patients very early (12 to 24 h) after 
angioplasty using thallium-201 scintigraphy, at rest and 
during the stress of atria1 pacing. 
Study patients. Ninety consecutive patients (69 men, 21 
women) who underwent successful coronary angiopiasty 
were prospectively studied. Their age ranged from 32 to 78 
years (mean f SD 55 -C ii). Thirty-three patients gave a 
01990 by the American College of Cardiology 073s1097/90/%3.50 
daily), intravenous heparin (IO, 
molecular weight dextran were administered throughout the 
procedure. After angioplasty, patients 
calcium cha~~ei blocking and anti 
12 months, unless there were contrai 
effects after their use. 
venous sheath and 
sive to the administration of 2 mg intravenou 
recorded the presence or absence of chest pain and ST 
segment depression during the test and at peak atrial pacing. 
Thallium scintigraphy was performed during the stress of 
atria/pacing (8,9). At peak atrial pacing, 2 mCi (74 MBq) of 
thallium-201 was injected into an antecubital vein. Atrial 
pacing was continued for 180 s after the injection and 
thallium-201 imaging commenced 3 to 4 min later. The 
patients were positioned under a large field of view gamma 
camera equipped with an all purpose, low energy, parallel 
hole collimator interfaced with a dedicated computer (Apex 
009, Elscint). A 20% window, centered on the 80 keV X-ray 
peak, was used. Modified 45” (best separation) left anterior 
oblique, anterior and 70” left anterior oblique views were 
recorded for each, thus collecting 8 x IO’ to 1.2 X lo6 
counts/view. tribution images were obtained with the 
patient at rest 4 h later with use of the same imaging views 
schl y. The thallium-201 
images were displayed as raw data images, normalized to the 
maximal count in the pixel with the greatest number of 
counts and photographed without further processing. In 
on of interest arou 
eft ve~t~cM~ar con 
the three views wa 
ts for both initial and 
were assessed by consen 
To examine myocardiaiper~asio~ in the territory supplied 
e three main coronary arteries and their major 
-201 segments were grou 
to the distribution of each artery or branc 
there is overlap in the arterial supply, 
region of the apex, we used apical se 
evaluation of lesions in distal arteries. 
proximity of certain vessels (e.g., left 
and diagonal), some segments were included in the estimated 
than one artery, An i 
erritory (peak pacing 
es), and regional 
sified for each territory as ischemic or nonisch 
or absence of a revers 
were read (1 I) and the regional 
observers without prior 
or a~giogra~hic data. In a 
random sample of 300 segments in 20 patients interpreted 
separately by these observers, there was disagreement re- 
garding the classification of segments into normal, reversible 
xed defect in <!I% of the segments. 
Patients were followed up clinicall-! at 
16 to 36 months after angioplasty with 
appropriate electrocardiography and treadmill exercise test- 
ing. Elective catheterization was planned for all patients 6 to 
12 months after angioplasty, unless a clinical event prompted 
earlier restudy or the patient declined investigation. TO base 
our conclusions on hard end points, the present report is 
confmed to the 71 patients (79% of the group) who under- 
went repeat coronary angiography and in whom the anato 
and morphology of the dilated coronary artery cou@ be 
reexamined. Significant angiographic restenosis was defined 
as recurrent luminal narrowing of ~70% at the site of the 
previous dilation. 
alysis. Prognostic factors for resteaosis were 
examined using univariate statistical tests: the Mann- 
Whitney u test for continuous numeric variables and chi- 
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Figure 1. Segmental allocation of thallium-201 scintigrams in the anteroposterior, 45” and 70” left 
anterior oblique views in relation to the three major coronary arteries and their branches. D, = 
first diagonal branch; LAD = left anterior descending coronary artery: LCx = left circumflex 
coronary artery; marg = marginal branch; RCA = right coronary artery. 
square test (with Yates’ correction) or Fisher’s exact test for 
categoric variables. Significant and borderline univariate 
predictors were selected and analyzed by stepwise multivari- 
ate analysis. The most significant predictors were combined 
in a model to predict restenosis. 
esults 
Angioplasty da& Angiographically successful coronary 
angioplasty was performed in 90 patients (Table 1): 40 
patients (44%) with single vessel disease (left anterior de- 
scending coronary artery in 30 patients, right coronary 
artery in 8 and left circumflex coronary artery in 2) and 50 
patients (46%) with multivessel disease. A total of 131 
dilations were performed: single dilation in 61 patients and 
dilation of two lesions in 18 patients, three lesions in 10 and 
four lesions in I patient. The mean luminal narrowing in the 
131 dilated segments decreased from 87 + 9% (range 70% to 
100%) to 15 2 20% (range 0 to 50%) (p < 0.0001). 
Late angiographic restenosis. Late coronary angiography 
was obtained in 71 patients (7% of the total group) (Table 
1): 27 (68%) of 40 asymptomatic patients and 44 (88%) of 50 
patients complaining of recurrent chest pain (p c 0.05). 
Restenosis occurred in 23 (32%) of 71 patients and in 25 
(24%) of 105 lesions. Restenosis was more frequent in 
patients undergoing dilation of multiple (13 [57%] of 23) 
rather than single (10 [210/o] of 48) (p < 0.01) coronary 
stenoses, although it occurred in only 15 (26%) of 57 lesions 
in the multidilation group. Patients with multivessel disease 
undergoing single coronary artery dilation had a rate of 
restenosis (3 [19%] of 16) similar to that of patients with 
single vessel disease (7 [22%] of 32; p = NS). 
Clinical data (Table 2). There was no difference between 
patients with and patients without late angiographic resteno- 
Table 1. Late Coronary Restenosis in Relation to Extent of Coronary Artery Disease 
Single vessel disease 
Multivessel disease 
One dilation 
Two dilations 
Three dilations 
Four dilations 
Total 
Angioplasty 
Fatienls Lesions 
40 40 
21 21 
18 36 
IO 3@ 
1 4 
90 131 
Lale 
Angiography 
32 (80%) 
16 (76%) 
13 (72%) 
9 m%) 
1 (loo%) 
71 (7%) 
Restenosis 
Patients Lesions 
7 (22%) 1(22%) 
3 (1%) 3 (1%) 
6 (46%) 7 (27%) 
6 (67%) 7 (26%) 
1 (100%) 1 (25%) 
23 (32%) 25 (24%) 
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NO 
eslenosis 
(n = 48) 
Late 
Mestenosis 
(n = 233 p Value 
Age (~0 
Gender (M/F) 
I+evious Ml 
Diabetes mellitus 
Hypertension 
History of smoking 
Overweight 
Hyperlipidemia 
58 + 9 
1614 
i6 (33%) 
l(IS%) 
19 (40%) 
28 (58%) 
14 (29%) 
21 (44%) 
55 + 12 
912 
9 (39%) 
3 (13%) 
13 (56%) 
14 (61%) 
9 (39%) 
14 (61%) 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
F = female; M = male; 1 = myocardial infarction. 
ate restenoas, none 0 
The severity of arterial narrowin 
similar in patients with (88 2 8%) an 
angioplasty (restenosis 27 2 25%, no restenosis 12 t 7%; 
double (rate-~ressnre) 
underwent follow-up angiography 
plete thallium study) was highly 
nt had an incom- 
Table 3. Results of Atria1 Pacing on Day I in No Restenosis and 
Late Restenosis Groups 
Maximal pacing rate 
(beatslmin) 
Peak rate-pressure product 
(x IO3 mm Hg x beatslmin) 
No. of patients with chest pain 
during pacing 
ST segment depression (mm) 
No Late 
Restenosis Restenosis 
(n = 481 (n = 23) 
I57 + 18 161 2 14 
21.8 L 4.9 20.9 r 4.8 
29 (60%) IO (43%) 
I.1 2 0.8 I.1 2 0.9 
p Value 
NS 
NS 
NS 
NS 
/\ 
LATE WESTENOSIS NO YES NO YES 
32 w j (7) 16 (22) 17 (17) 
ang 
lesions; 
ation belween t~a~~~~~-2~l scintigraphy on day I and 
phic restenosis. Numbers in pareniheses represent 
= patients. 
eloped in 17 (44%) d the 39 seg 
. Tha~linm-2~~ scinti 
identii~cat~on of patients develo 
dis;m without (14 + 26%) reversible thallium-201 perfusion 
defects, (p = 0.06). 
tic reg~~iom analyses (Ta ). By mul- 
ression analysis, 14 possible determi- 
nants of restenosis were examined: age, gender, previous 
myocardial infarction, hypertension, current or previous 
cigarette smoking, diabetes mellitus, hyperlipidemia, obe- 
sity, severity of predilation angiographic stenosis, immediate 
postdilration residual stenosis, maximal heart rate during 
atrial pacing, chest pain during pacing, severity of ST 
segment depression during atrial pacing and presence of a 
erfusion defect on the thallium-201 scintigram on 
three variables found to be independent predic- 
coronary restenosis (tha 
residual coronary artery narrowing 
used in a second analysis that demons&a 
powcrfd predictor of restenosis was thall 
phy ~[p < 0.002). followed by severity of residual coronary 
artery narrowing (p < 0.01) and younger patient age (P < 
0.05) (overall prediction 0.82). 
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Table 4. Multivariate Logistic Regression of Predictors of Restenosis 
Patients Lesions 
(n = 70) (n = 104) 
- 
Variable COeff p Value COeff p Value 
Constant 1.12 0.518 0.11 0.8% 
Reversible perfusion defect on thallium-201 1.70 0.016 1.79 0.002 
scintigraphy (day I) 
Residual angiographic narrowing (%I* 0.05 0.004 0.04 0.005 
Age -0.07 0.036 -0.05 0.049 
p value of prediction 0.61 0.82 
*Per patient refers to most severe narrowing in the event of multiple dilations. Coeff = coefficient. 
Late clinical follow-up. Patients were followed up for a 
mean of 14 * 9 months (range 6 to 36). Chest pain recurred 
in 24 (73%) of 33 patients with and in 19 (51%) of 37 patients 
without a reversible thallium-201 perfusion defect on day 1 
after angioplasty (Fig. 3). In patients whose thalli~~m-201 
scintigram on day 1 showed a reversible perfusion defect in 
the segment subtended by the dilated coronary lesion, the 
average symptom-free interval was shorter and chest pain 
recurred sooner (11 f 8 versus 17 + 10 months, p < 0.005). 
At angiography, restenosis was present in two thirds of the 
patients with a combination of an early reversible filling 
defect and recurrent chest pain but in only 26% of patients 
who developed recurrent chest pain after the early scinti- 
gram had been negative (Fig. 3). As expected, the symptom- 
free period was significantly shorter in patients with (8 + 3 
months) than in those without (18 * 10 months) late coro- 
nary restenosis (p < 0.0001). 
Figure 3. Incidence of late restenosis correlated with thallium-201 
scintigraphy at day 1 and later clinical symptoms. Restenosis was 
present in two thirds of the patients with both an early reversible 
filling defect and later clinical chest pain. 
No Revemlbfe 
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This study showed that patients undergoing angiographi- 
tally successful coronary aq#oplasty may be stratified 
within 12 to 24 h of the procedure into subsets at high and 
low risk for late restenosis. This implies that the process of 
restenosis may begin in the very early hours after the 
procedure or that residual stenosis, unrecognized by angiog- 
raphy, may be present in a subset of patients who later 
develop restenosis. 
Mechanism and timing of restenosis 
Coronary angioscopy after elective car 
shows a variety of pathologic changes, including plaque 
rupture, intimal splitting, intimal flaps, endothelial hemor- 
rhage, mural tbrombus and deposition of fibrin (12,13). 
Within days of successful angioplasty (14), smooth muscle 
and endothelial proliferation may be identified at the site of 
the dilated lesion. In experimental angioplasty in atheroscle- 
rotic rabbits, platelets and fibrin deposition in the area of 
angioplasty have been demonstrated 2 weeks after a:lgio- 
plasty (15). 
The reversible perfusion defect during atrial pacing on 
thallium-201 scintigraphy on day 1 implied diminished myo- 
cardial perfusion after impairment of coronary blood flow by 
intimal flaps, platelet aggregates, accumulated mural throm- 
bus or a combination of these. Although it is possible that a 
metabolic myocardial defect occurring after repeated bal- 
loon inflations resulted in impaired thallium-201 uptake in 
the presence of normal coronary blood flow, this event 
seems unlikely and would not explain the differences in 
thallium-201 uptake between the late restenosis and nonre- 
stenosis groups. Moreover, coronary flow reserve, a more 
sensitive measurement of myocardial perfusion and of the 
physiologic success of angioplasty (16,17), may be subopti- 
ma1 in half of the patients with a successful angiographic 
result ( 18). Measurements of coron flow reserve correlale 
well with radionuclide tests (17) with residual transle- 
sional gradients after angioplasty (16) and are particularly 
useful in the midzone range for assessing the results of the 
procedure. 
late restenosis. These findings are consistent with wall 
motion stttdics at the time of hospital discharge (24). In the 
seven patients in our study who developed late restenosis 
despite a normal thallium-201 study on day 1 after angio- 
plasty, restenosis may have begun later, or the nidus for 
restenosis, although present, may have been too small to 
affect myocardial perfus 
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presence or absence of overall myocardial ischemia, 
bly related to lesions in other arteries) explained the rela- 
tively high sensitivity of thallium-201 scintigraphy in the 
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